We calculate the ΛΛ → Y N transition rate of 6 ΛΛ He by the hybrid picture, the π and K exchanges plus the direct quark processes. It is found that the hyperon-induced decay is weaker than the nucleon-induced decay, but the former may reveal the short-range mechanism of the weak transition and also give a clear signal of the strong ∆I = 3/2 transition. The ΛΛ → YN transition in double-Λ hypernucleus is complement to the ΛN → N N transition as it occurs only in the J = 0 channel, while the J = 1 transition is dominant in the ΛN → N N case.
Introduction
Recent analyses of hypernuclear nonmesonic decay reveal the importance of short-range interaction of baryonic weak transition (1; 2; 3; 4; 5; 6; 7). It is, in fact, realized that the momentum transfer is large due to the Λ − N mass difference, and therefore the short range interaction becomes important. We proposed to treat the short range part of ΛN → NN interaction using the valence quark picture of the baryon and the effective four-quark weak Hamiltonian (1; 3; 4; 7). We found that the direct quark (DQ) process gives significantly large contribution and shows qualitatively different features from the meson exchange contribution, especially in its isospin structure. The kaon exchange contribution also largely enhance the Γ nn /Γ pn ratio due to its spin structure (2; 4; 5; 7).
There remains, however, another problem, i.e., experimental values of the proton asymmetry from polarized hypernucleus are incompatible with the theoretical values, which is closely related to the J = 0 transition amplitudes (8) . The J = 0 amplitude is relatively small and therefore masked by the J = 1 amplitude, but it is important to clarify the breaking of the ∆I = 1/2 rule for the nonmesonic weak decay of hypernuclei. In fact, the quark model treatments of ΛN → NN transition predict large breaking of the ∆I = 1/2 rule in J = 0 transition channel (1; 3; 7; 9).
For the case of double-Λ hypernuclei, the nonmesonic decay is induced not only by the nucleon but also by the other Λ hyperon: ΛN → NN and ΛΛ → Y N. The two-body part of the nonmesonic decay rate of double-Λ hypernuclei is classified as
where Γ pp stands for the Σ + p → pp transition which is available when the virtual Σ exists (7) . The Γ Y N represents the ΛΛ → Y N transition, which is a characteristic transition for the multi-Λ system. Experimentally, the ΛΛ → Y N transition should be distinguishable from the ΛN → NN decay mode because the hyperon with high momentum is emitted once it occurs in double-Λ hypernucleus. Thus the hyperon-induced decay mode provides us with valuable information on the |∆S| = 1 baryon-baryon interaction (10; 11).
In sec.2, the hyperon-induced decay rate, Γ Y N , is expressed in terms of twobody amplitudes corresponding to the ΛΛ → Y N transition. In sec.3, we construct the meson exchange and DQ potential for the ΛΛ → Y N transition. In sec.4, we show the result of the ΛΛ → Y N transition rate in 6 ΛΛ He. Finally, sec.5 is devoted for the conclusion of this work.
The ΛΛ → YN transition rate
For the nonmesonic weak decay of double-Λ hypernuclei, the hyperon induced decay mode, ΛΛ → Y N, becomes possible besides the usual ΛN → NN transition. Now we concentrate on the novel ΛΛ → Y N decay. The ΛΛ → YN transition rate is given by
where M f i is the ΛΛ → YN transition amplitude, J H is the total spin of initial hypernucleus, and p ′ 1 and p ′ 2 are momenta of emitted particles, i.e., hyperon and nucleon. The summation indicates a sum over all quantum numbers of the initial and final particle systems. The δ-function for the energy conservation is given by
where the hyperon binding energy is taken as ǫ ΛΛ ≃ 7.25MeV (12) . After the decomposition of angular momentum, the explicit form of M f i is
where
is the transition potential and Ψ LSJ (R, r) is the wave function of the ΛΛ or YN two-body system in the configuration space. The L, S, and J indicate the angular momentum, spin, and total spin for two-body system, respectively.
In order to extract the ΛΛ state from the double-Λ hypernucleus, we assume, for simplicity, that the ΛΛ state with J = 0 and I = 0 is decoupled from the residual nuclei:
where the double-Λ state is always in 1 S 0 state in the ground state. The important point of the study the ΛΛ → Y N process is that the initial ΛΛ pair is in the 1 S 0 state and thus the ΛΛ → Y N transition occurs only in the J = 0 channel. The J = 0 transition amplitude is not well studied in the ΛN → NN decay, because the J = 1 amplitude is much larger. In contrast, the ΛΛ → Y N decay directly probes the J = 0 transition amplitude and therefore plays a complementary role.
The initial double-Λ state is written in terms of the shell model wave function of 0s state : In addition, we introduce phenomenological correlation functions. For the initial ΛΛ wave function, we multiply to the uncorrelated wave function
with a = 0.8fm, b = 0.12fm −2 , c = 1.28fm, n = 1, according to ref. (11) . On the other hand, for the final YN state, we multiply
where j 0 (x) is a spherical Bessel function with q c = 3.93 fm −1 .
Transition potential
In order to describe the weak ΛΛ → Y N transition, we adopt the quark-meson hybrid model, which is focused on the quark degrees of freedom in a shortrange region. At long and medium distances, the transition is induced mainly by the one pion exchange (OPE) and one kaon exchange (OKE) processes. The general form of ΛΛ → Y N transition potential in the meson exchange picture is given by
where the coupling constants g s , g w , A and B, shown in Table 1 , are chosen properly for each transition. A monopole form factor with cutoff parameters, Λ π = 800 MeV and Λ K = 1300 MeV, are employed for each vertex. As the energy transfer is significantly large, we introduce the effective meson mass:
88.5MeV for ΛΛ → Λn transition 50.2MeV for ΛΛ → ΣN transition .
The kaon exchange potential can be constructed similarly. Both the strong and weak coupling constants are evaluated under the assumption of the flavor SU(3) symmetry. Note that, for OKE, it involves the strangeness transfer and thus the strong and weak vertices should be exchanged. 
For shorter distances, we employ the direct quark (DQ) transition potential based on the constituent quark picture of baryons. In this mechanism, a strangeness changing weak interaction between two constituent quarks induces the transition of two baryons.
The DQ potential is given as a nonlocal form as
where r (r ′ ) stands for the radial part of the relative coordinate in the initial (final) state. The explicit forms of f i , g i , and h i are given in ref. (4) , and the coefficients, V k i , for the ΛΛ → Y N transitions are listed in Table 2 .
Nonmesonic Decay of Double-Λ Hypernuclei
Now we show the results of ΛΛ → Y N decay rates of 6 ΛΛ He. In Table 3 , the ΛΛ → Y N transition is estimated by extending the π + K+DQ model to the S = −2 system. For the case of ΛΛ → Λn transition, the OPE process is forbidden because of the isospin symmetry on the strong vertex. Although the short-range interaction becomes dominant, their contributions are drastically reduced by the short range correlation. The DQ contribution is much larger than the kaon exchange contribution for the PV transition channel, but it is about 0.1% of the free Λ decay rate. In our full calculation, we find that the DQ reduces the total PC transition rate to almost zero. In contrast, the meson exchange Table 2 The coefficients, and the DQ are added coherently in the PV channels, resulting in a relatively large PV transition rate, which is about 0.2% of the free Λ decay.
The OPE contributions to the ΛΛ → ΣN transition is expected to be small in the J = 0 transition. In fact, some previous analyses have revealed that the J = 0 decay rate is only few % of the J = 1 transition rate. Table 3 shows that the decay rate in OPE is about 1% of the free Λ decay in ΛΛ → Σ − p transition. The kaon exchange process additively contributes to the OPE process, and the decay rate becomes about twice as large as the OPE alone in both the PC and PV channels. Thus the ΛΛ → ΣN decay rate in meson exchange processes becomes much larger than the ΛΛ → Λn. The DQ transition rate for the ΛΛ → ΣN transition is also larger than the ΛΛ → Λn case, and it behaves differently from the ΛΛ → Λn transition. In our full calculation, the PV transition rate is largely reduced, while the PC is enhanced due to the DQ contribution. Therefore the ΛΛ → ΣN transition occurs mainly in the PC channel.
It is also interesting to check the breaking of the empirical ∆I = 1/2 rule for the ΛΛ → Y N transition, which leads to
This relation shows that the nonmesonic weak decay of double-Λ hypernuclei provides us with an opportunity of direct confirmation of the validity of the empirical ∆I = 1/2 dominance. In our prediction, this relation is badly violated due to the DQ contribution, in which the ∆I = 3/2 amplitude exists through the weak four-quark Hamiltonian. This situation is similar to the ΛN → NN transition. Thus the test of the ∆I = 1/2 rule in the ΛΛ → Y N transition may reveal the importance of the short-range part in the weak baryonic interaction, and may also help to understand the mechanism of the ∆I = 1/2 enhancement observed in the nonleptonic weak decays of the free hyperons and kaons. We compare our results with the previous calculations carried out by Itonaga et al. (10) and Parreño et al. (11) . We all agree the bare pion-exchange amplitudes in the ΛΛ → ΣN transitions (15) . In Table 3 In the present work, we make an effective treatment of the final state interactions. Therefore, our results have to be compared to the ones in Ref. (11)(E). Our calculation is similar to their effective treatment and thus the Γ Λn enhancement due to the final state interaction is not shown. The total decay rates in our results are reduced by a factor about two due to the larger b parameter for the Λ wave function. We note that if the same b value is used, our results agree with the (E) results in Ref. (11) . We also point out that the ratio Γ Σ − p /Γ Σ 0 n is fixed to 2 by the ∆I = 1/2 rule in the meson exchange calculations.
Conclusion
In the double Λ hypernuclear system, the novel decay mode, ΛΛ → Y N, is allowed. The hyperon-induced decay rates are much smaller than the decay rate of free Λ (Γ Λ ). This is because the ΛΛ → Y N transition occurs only in the J = 0 channel. Although the ΛΛ → Y N transition is not easy to detect experimentally, it is important to extract the information about the J = 0 transition.
Our result shows that the DQ process gives significant contribution to the ΛΛ → Y N transition. It strongly suppresses the PC amplitude for the ΛΛ → Λn transition and the PV amplitude for the ΛΛ → ΣN transition. Furthermore the DQ largely breaks the empirical ∆I = 1/2 rule. Unlike the ΛN → NN transition, we have an opportunity to check directly the breaking of ∆I = 1/2 dominance for the ΛΛ → ΣN transition.
